Several sources of information suggest that human beings evolved on a diet with a ratio of omega-6 to omega-3 essential fatty acids (EFA) of ∼ 1 whereas in Western diets the ratio is 15/1-16.7/1. Western diets are deficient in omega-3 fatty acids, and have excessive amounts of omega-6 fatty acids compared with the diet on which human beings evolved and their genetic patterns were established. Excessive amounts of omega-6 polyunsaturated fatty acids (PUFA) and a very high omega-6/omega-3 ratio, as is found in today's Western diets, promote the pathogenesis of many diseases, including cardiovascular disease, cancer, and inflammatory and autoimmune diseases, whereas increased levels of omega-3 PUFA (a low omega-6/omega-3 ratio) exert suppressive effects. In the secondary prevention of cardiovascular disease, a ratio of 4/1 was associated with a 70% decrease in total mortality. A ratio of 2.5/1 reduced rectal cell proliferation in patients with colorectal cancer, whereas a ratio of 4/1 with the same amount of omega-3 PUFA had no effect. The lower omega-6/omega-3 ratio in women with breast cancer was associated with decreased risk. A ratio of 2-3/1 suppressed inflammation in patients with rheumatoid arthritis, and a ratio of 5/1 had a beneficial effect on patients with asthma, whereas a ratio of 10/1 had adverse consequences. These studies indicate that the optimal ratio may vary with the disease under consideration. This is consistent with the fact that chronic diseases are multigenic and multifactorial. Therefore, it is quite possible that the therapeutic dose of omega-3 fatty acids will depend on the degree of severity of disease resulting from the genetic predisposition. The ratio of omega-6/omega-3 fatty acids in the brain is between 1:1 to 2:1, which is in agreement with the data from the evolutionary aspects of diet, genetics, and the studies with the fat-1 animal model. Therefore a ratio of 1:1 to 2:1 omega-6/omega-3 fatty acids should be the target ratio for health. Western diets are characterized by high omega-6 and low omega-3 fatty acid intake, whereas during the Paleolithic period when human's genetic profile was established, there was a balance between omega-6 and omega-3 fatty acids. Therefore, humans today live in a nutritional environment that differs from that for which our genetic constitution was selected. A lower ratio of omega-6/ omega-3 fatty acids is more desirable in reducing the risk of many of the chronic diseases of high prevalence in Western societies, as well as in the developing countries. The scientific basis for the development of a public policy to develop dietary recommendations for essential fatty acids, including a balanced omega-6/ omega-3 ratio, is robust.
With the expansion of aquaculture, cultured fish are often exposed to stressful conditions such as deseases, high densities and poor water quality, leading to the deterioration and reduction of meat products. Nucleotides participated in cell construction, tissue growth, development and repair, fast-growth, health benefits and stress tolerance in fish, and the supplements for it may increase under such conditions. However, information related to the effect of nucleotides on flesh quality is scarce. Thus, this study investigated the effect of nucleotides supplementation on the improvement of meat quality in the muscle of grass carp. Fish were feed with graded levels of nucleotides (0, 200, 400, 600, 800 and 1000 mg/kg) in diets for 60 days. Results observed that nucleotides increased the total of free amino acids and produced a positive outcome on flavor quality by accumulating more taste-related FAA and IMP content in muscle. Meanwhile, optimal nucleotides had beneficial effects on reducing SFA, increasing PUFA, n-3PUFAs especially the EPA and DHA, and the ratio of n-3/n-6, which enhanced the health benefits to customer. Nucleotides supplement was effective in enhancing meat quality due to increases of proteins and lipids, and meat physicochemical parameters (WHC, tenderness and pH). Further investigation revealed that the enhanced WHC might be partially due to decreased apoptosis by evaluating DNA fragment and their corresponding gene expression. The increased tenderness might be partly affected by lower collagen content and higher cathepsin B and L activities of fish muscle. Furthermore, both tenderness and pH were connected with decreased oxidative damage. We obtained that optimal nucleotides increased the antioxidant capacity by modulating Nrf2 and TOR transcription and translation levels, up-regulating antioxidant enzyme mRNA levels and enhancing antioxidant enzyme activities, resulting in the improvement of antioxidant capacity. Together, we firstly demonstrated that exogenous addition nucleotides was a promising way to improve the meat quality by increasing flavor quality and healthcare benefits, decreasing apoptosis and oxidation damage to maintain meat quality in the muscle of fish. Based on the quadratic regression analysis for PWG, EPA, DHA, shear force and pH, nucleotides supplement levels were 517. 97, 604.53, 594.28, 540.61 and 634.93 Possibilities to improve the lipid quality of fish in favor of omega-3 long chain polyunsaturated fatty acids (n-3 LCPUFA) are increasingly important in times of fish oil supply restriction. A promising approach is the use of bioactive phytochemicals with LCPUFA increasing potential in diets of cultured fish. The objective of this study was to evaluate the bioactive resveratrol (RV) and its effects on the marine species gilthead sea bream. A three-factorial approach was chosen to investigate whether effects of RV also depend on dietary fish oil level and temperature of the rearing water.
Juvenile gilthead sea bream were fed four different experimental diets over the duration of two months. The diets were formulated to contain two different fish oil levels, 6% DM (F6) and 2% DM (F2). These diets were either supplemented with 0.15% DM resveratrol (+RV) or remained un-supplemented, resulting in four diets (F6, F2, F6+RV, F2+RV). The experiment was carried out in a triplicate approach per dietary treatment, simultaneously at 19 °C and 23 °C rearing temperature.
Dietary RV supplementation exhibited none or only minor effects on fish growth, performance and body composition, whereas effects of the rearing temperature and dietary fish oil level were present. Similarly, the fatty acid composition of gilthead sea bream whole body and fillet was rather affected by the rearing temperature and the dietary fish oil level than RV supplementation. In contrast, the liver fatty acid composition was modified by RV supplementation depending on the dietary fish oil level, but only at 19 °C rearing temperature. Most interestingly, the contents of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) were increased when fish were fed diet F6+RV in comparison to diet F6, whereas EPA and DHA were decreased in livers of fish fed diet F2+RV in comparison to diet F2.
Overall, dietary RV neither had beneficial, nor detrimental effects on fish growth, performance, and fatty acid composition of gilthead sea bream. The modification of EPA and DHA levels in livers of fish held at the low water temperature might indicate possible RV mediated mechanisms affecting fatty acids, which remain to be elucidated.
Effect of elevated temperature on astaxanthin deposition and distribution in the fillet of Atlantic salmon (Salmo salar L.) post-smolt
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Globally rising seawater temperatures require more knowledge on the effects of elevated temperature on the biology and product quality of marine aquaculture species. Tasmania is a climate change hot spot where sea temperatures commonly exceed 20°C for prolonged periods during summer. This is associated with decreased pigment-carotenoid concentrations and heterogeneous pigment-carotenoid distribution in fillet of harvest size salmon, leading to substantial product downgrade. The current research tested the effects of three factors: temperature (elevated; ET, 19.5°C and control; CT, 15°C), dietary oil blend (fish oil blend and canola oil blend) and fillet cut (anterior/dorsal cut; ADCT and dorsal Norwegian quality cut; dNQC) on the concentration of astaxanthin (Ax) in white muscle of post-smolt salmon after fish doubled initial weights. The concentration of Ax in white muscle was higher at ET and higher in the dNQC at ET, whereas the Ax concentration between the fillet cuts at CT was similar. Diet had a strong impact on the fatty acid composition in white muscle but did not affect Ax concentration. None of the factors affected the concentration of the oxidative stress-indices malondialdehyde in white muscle. No idoxanthin was present in any of the white muscle samples, indicating that no metabolic conversion of Ax occurred in this tissue. When Ax was expressed per unit of crude protein, the concentration of Ax in crude protein was higher in the dNQC at ET. Our research provided the first experimental evidence of the importance of temperature on carotenoid deposition and distribution in the fillet of Atlantic salmon. Ax concentration was not affected by dietary oil blend and was not associated to oxidative stress or its metabolic conversion in muscle. Differences in the concentration of Ax per unit of crude protein between the fillet cuts at elevated temperature could be the first evidence for differences in the Ax binding capacity of myofibrillar white muscle proteins in different fillet areas. Elevated temperature did not limit the deposition of Ax, but heterogeneous pigment-carotenoid distribution in the fillet is undesirable for marketing.
Site specific environmental conditions shape the productivity of Atlantic salmon farming in Tasmania  -insights towards Atlantic salmon farming in Tasmania, Australia is a rapidly expanding premium seafood industry that competes with seasonally inclement culturing conditions. Currently there is no overarching synthesis of environmental conditions faced by this industry, although it is known that summer temperatures exceed what are commonly accepted as the thermal maxima for the species. This knowledge deficit highlights an opportunity to study Atlantic salmon farming in warmer waters, where knowledge gained will inform future farming in typically cooler regions such as Norway and Scotland as they warm in a changing climate. Three Tasmanian commercial Atlantic salmon farms were selected as sites for a long term monitoring program aiming to assess their grow-out environment, while simultaneously evaluating fish and feed performance from stocking to harvest. Environmental loggers were deployed at each site at multiple depths from December 2015 to July 2017, logging oxygen, temperature and salinity. Atlantic salmon at each site were sampled at bimonthly intervals to assess performance. Temperatures recorded ranged between 8°C and 22°C and oxygen was observed to occasionally fluctuate and become stratified through a halocline. The environmental conditions observed allowed insights into variations in fish performance and quality based on their grow-out environment. Environmentally influenced production parameters included growth rate, fillet lipid, fillet fatty acid content and fillet colour. Specific growth rates for two month growth periods ranged between 0.12 and 1.85 depending on site and time of year. Fillet lipid at harvest ranged between 12 % and 16 % with n-3 LC-PUFA content (per 100g) between approximately 840 mg and 970 mg. Loss of fillet lipid, up to 2.1%, was observed during warmer months between December and March. Between site differences in fillet colour emphasised the negative influence of higher temperature and increased metabolic rate on pigment accretion. Environmental differences between each site indicate a need for season and site specific tailored diets to achieve maximal efficiency for productivity in the Tasmanian Atlantic salmon industry. The global Atlantic salmon industry, with rising temperatures, could ultimately require adaptive changes to cope with environmental conditions such as those currently seen in Tasmania.
